Plants of the Viburnum genus, which belong to the family Caprifliaceae, comprise about 230 species and are mainly distributed in Asia and South America. China has more than 70 species.
3)
Phytochemical studies revealed that Viburnum species mainly contain triterpenoids, 4, 5) iridoids, 6) vibsane-type diterpenes, 7, 8) lignans, 9) and phenolic glycosides. 10) Vibsane-type diterpenes are an unusual group of natural products, which can be subdivided into three classes consisting of sevenmembered ring, eleven-membered ring, and rearranged types. 1) These diterpenoids have interesting biological activities such as piscicidal activity, plant growth regulatory activity, and cytotoxic activity. 11, 12) As a part of our search for new vibsane-type diterpenoids, the 70% aqueous acetone extract of the aerial part of the V. foetidum var. foedidum from Simao County, Yunnan Province, P. R. China, was investigated phytochemically. Four new lignans (1) (2) (3) (4) together with six known ones were found. The isolation and structural elucidation of the four new lignans are reported here.
Results and Discussion
The 70% aqueous acetone extract of the aerial parts of V. foetidum var. foedidum was successively subjected to silica gel and Sephadex LH-20 column chromatography as well as semipreparative HPLC to afford 10 lignans (1-10). Compounds 5-10 were identified as prinoresinol (5), 13) syringaresinol (6), 14) olivil (7), 15) 4,4Ј,7,7Ј-tetrahydroxy-3,3Ј-dimethoxy-9,9Ј-epoxylignan (8), 16) 4,4Ј,8,9-texahydroxy-3,3Ј-dimethoxy-7,9Ј-epoxylignan (9), 17) and padocin (10), 18) respectively, based on comparisons of their spectral data with those already reported. 13) The clearest differences between compound 1 and lariciresinol were less CH, a more oxygenated quaternary carbon (d 71.4), and an obvious upfield shift of C-9 in 1. Considering the characteristic NMR spectrum discussed above and the fact that 1 had an additional more ring system compared with that of lariciresinol, 1 was deduced to be 8,9-epoxy-lariciresinol. The formation of 8,9-epoxy led to the upfield shift of C-9 and the presence of an oxygenated quaternary carbon (d 71.4).
In the rotating frame Overhauser enhancement spectroscopy (ROESY) of 1, the correlation of H-7 with H-8Ј indicated that both H-7 and H-8Ј were in the b-orientation. However, the ROESY spectrum could not provide sufficient information to elucidate the stereochemistry of C-8. After many attempts with different solvents, a single crystal of 1 was obtained in MeOH-H 2 O (95 : 5). A single crystal X-ray analysis clarified the relative configuration of C-8 and unambiguously confirmed the structure of 1 (Fig. 1 3) and C-9 (d 48.8) indicated that the OH was attached to C-8 and the Cl atom to C-9. Therefore, 2 was established to be 5,4Ј,8-trihydroxy-3,3Ј-dimethoxy-8-chloromethylene-7,9Ј-epoxylignan. The relative configuration of 2 was determined on the basis of ROESY spectral analysis. ROSEY correlations of H-7 with H-8Ј and of H-8Ј with Hb-9 indicated that H-7, H-8Ј, and -CH 2 Cl were all in the b-orientation. Since CHCl 3 was used during purification, 2 may have been an artifical compound. To determine whether 2 was a natural compound, the crude extract of this plant was analyzed in HPLC with 2 as an internal standard and the corresponding peak of 2 was clearly found in the crude extract, suggesting that 2 is a natural compound. 33, 3 .87, 3.89) were also observed. The NMR data of 3 were similar to those of 4,4Ј-dihydroxy-3,3Ј-dimethoxy-9-butoxy-9,9Ј-epoxylignan. 19) The only significant difference was that the signal for butoxy was replaced by a methoxy (d 3.33). Therefore, 3 was inferred to be 4,4Ј-dihydroxy-3,3Ј,9-trimethoxy-9,9Ј-epoxylignan, which can be further confirmed by heteronuclear multiple bond connectivity (HMBC) correlation from H-9 to C-1ЉЉ. The relative stereochemistry of 3 was established on the basis of analysis of ROESY experiment and coupling constants. The ROESY correlation of H-9 with H-8Ј and large coupling constant between H-9 and H-8 (Jϭ5.0 Hz) suggested that H-9, H-8, and H-8Ј were in the b-, a-, and b-orientation, respectively.
Compound 4 was obtained as a colorless gum. Although 4 and 3 presented a single spot on TLC (silica gel) developed in several solvent systems, they showed two close but separated peaks in HPLC analysis. Compound 4 was assigned the same molecular formula C 21 H 26 O 6 as 3 on the basis of its HR-ESI-MS at m/z 397.1636 ([MϩNa] ϩ ). Compound 4 exhibited similar UV, IR, and NMR spectra as 3 except for the different chemical shifts of C-7, C-8, and C-9. Detailed analysis of the 2D-NMR spectrum of 4 indicated that 4 and 3 had the same planar structure. The relative stereochemistry of 4 was established on the basis of analysis of the ROESY experiment and coupling constant. H-9, H-8, and H-8Ј were determined to be a-, a-, and b-oriented, respectively, as de- duced from the ROESY correlation of H-9 with H-8 and the small coupling constant between H-9 and H-8 (Jϭ1.0 Hz).
Compounds 1-10 were tested for cytotoxicity against HepG2, SGC7901, HL-60, and K562 cell lines in vitro. However, none of them were cytotoxic.
Experimental
General Experimental Procedures Optical rotation was measured on a Horiba SEPA-300 polarimeter. IR spectra were obtained with a Tensor 27 FT-IR spectrometer with KBr pellets. The 1 H-, 13 C-, and 2D-NMR spectra were recorded on Bruker AV-400 or DRX-500 spectrometers at room temperature (d in ppm, J in Hz). FAB-MS and HR-ESI-MS measurements were carried out on a VG Autospec-3000 spectrometer. Silica gel (200-300 mesh), Silica gel H (Qingdao Marine Chemical Ltd., China), and Sephadex LH-20 (Amersham Pharmacia Biotech, Sweden) were used for column chromatography. Fractions were monitored using TLC, and spots were visualized by heating silica gel plates immersed with 15% H 2 SO 4 in ethanol. Solvents were distilled before use. Semipreparative HPLC was performed on an Agilent 1100 liquid chromatograph with a Zorbax SB-C 18 (9.4 mmϫ25 cm).
Plant Extraction and Isolation The dried and powdered aerial parts of V. foetidum var. foetidum (6.5 kg) were extracted with 70% aqeuous Me 2 CO (3ϫ35 l, 3 d, each) at room temperature. The extract was evaporated to dryness under reduced pressure to obtain a residue (700 g). The residue was suspended in water (1000 ml) and then extracted with ethyl acetate to afford the ethyl acetate extract (352 g). The ethyl acetate-soluble extract was subjected to silica gel column chromatography eluted with gradient petroleum ether-Me 2 CO (100 : 0→0 : 100) to yield fractions 1-10. Fraction 3 (19.2 g) was further purified by silica gel column chromatography using petroleum ether-Me 2 CO (8 : 2) as eluents to provide subfractions 3.1-3.5. Subfraction 3.2 (4.1 g) was subjected to Sephadex LH-20 chromatograpy (CHCl 3 -MeOH 1 : 1) and then further purified by silica gel column chromatography eluted with CHCl 3 -Me 2 CO (20 : 1) to yield compounds 1 (150 mg), 2 (72 mg), 5 (15 mg), and 6 (8 mg). Fraction 4 (15.6 g) was separated by silica gel column chromatography eluted with petroleum ether-Me 2 CO (7 : 3) to yield six subfractions 4.1-4.6. Subfraction 4.3 (2.8 g) was subjected to Sephadex LH-20 chromatography (CHCl 3 -MeOH 1 : 1) and followed by semipreparative HPLC (MeOH-H 2 O; 50 : 50) to provide 3 (7 mg), 4 (4 mg), and 10 (6.0 mg). Subfraction 4.6 was subjected to repeated silica gel column chromatography to give 7 (5 mg), 8 (14 mg), and 9 (8 mg).
Compound (1) 
